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(57) ABSTRACT

Methods, systems, and apparatus, including computer pro-
grams encoded on a computer storage medium, for determin-
ing duration performance of websites. In one aspect, a
method includes, for each of a plurality of websites, obtaining
duration measurements of user device session visits to
resources of the website, obtaining data describing a plurality
ol categories to which the website belongs; determining for
cach of the plurality of categories to which the website
belongs, a category duration score based on the duration
measurements, each category durations score being propor-
tional to durations of time from the duration measurements;
and determining from one or more of the category duration
scores, a duration performance score for the website, the
duration performance score proportional to the one or more
category duration scores from which the duration perfor-
mance score 1s determined.
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WEBSITE DURATION PERFORMANCE
BASED ON CATEGORY DURATIONS

BACKGROUND

This specification relates to generating website scores that
are used 1n search operations 1n an Internet search engine.

The Internet enables access to a wide variety of resources,
such as video or audio files, web pages for particular subjects,
book articles, or news articles. A search engine can 1dentily
resources 1n response to a user query that includes one or
more search terms or phrases. The search engine ranks the
resources based on their relevance to the query and impor-
tance and provides search results that link to the 1dentified
resources, and orders the search results according to the rank.

A website 1s one or more resources associated with a
domain name, and one or more servers host each website.
Websites are maintained by publishers that manage and/or
own the websites. Search engines, 1n addition to evaluating
resources alone, may also take ito account scores and mea-
surements regarding the website to which the resources
belong when scoring the resources for search operations.

SUMMARY

In general, one innovative aspect of the subject matter
described 1n this specification can be embodied 1n methods
that include the actions of: for each of a plurality of websites,
cach website being a collection of resources served from a
domain: obtaining, by a data processing apparatus, duration
measurements of user device session visits to resources of the
website, each duration measurement being a duration of time
that elapses between a user device requesting the resource and
the user device requesting another resource, and the user
device session visits being a sequence of visits to resources of
the website without an intervening visit to a resource of
another website; obtaining, by the data processing apparatus,
data describing a plurality of categories to which the website
belongs; determiming, by the data processing apparatus, for
cach of the plurality of categories to which the website
belongs, a category duration score based on the duration
measurements, each category durations score being propor-
tional to durations of time from the duration measurements;
and determining, by the data processing apparatus, from one
or more of the category duration scores, a duration perfor-
mance score for the website, the duration performance score
proportional to the one or more category duration scores from
which the duration performance score 1s determined. Other
embodiments of this aspect include corresponding systems,
apparatus, and computer programs, configured to perform the
actions ol the methods, encoded on computer storage devices.

Particular embodiments of the subject matter described in
this specification can be implemented so as to realize one or
more of the following advantages. Website duration perior-
mance scores representing a measure of duration perfor-
mance for websites can be computed. The website duration
performance scores can represent a category-dependent mea-
sure¢ of the usefulness of the information available on
resources found 1n the websites. The website duration perfor-
mance scores can be used to rank search results according to
the websites 1n which the resources identified by the results
are found. The website duration performance score for a
website can be used as a term 1n the computation of scores for
resources that are 1n the website. A high website duration
performance score for a particular website can be used to
determine how other attributes are used to score resources 1n
that website, thereby resulting 1n more robust scoring algo-
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rithms. Website duration performance scores can be used in
determining whether resources in a website are of suificiently
high duration performance to be crawled, refreshed, or added
to an index of resources by a search engine, thereby allocating
resources efficiently.

The details of one or more embodiments of the subject
matter described 1n this specification are set forth in the
accompanying drawings and the description below. Other

features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an example environment 1n
which website duration performance scores are determined.

FIG. 2 1s a flow chart of an example process for determin-
ing website duration scores.

FIG. 3A 1s a graph of example website durations for two
websites based on category durations.

FIG. 3B 1s an entity diagram depicting category durations.

FIG. 3C 1s a flow chart of an example process for deter-
mining a website duration score.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

Overview

FIG. 1 1s a block diagram of an example environment 100
in which website duration performance scores are deter-
mined. A computer network 102, such as a local area network
(LAN), wide area network (WAN), the Internet, or a combi-
nation thereof, connects publisher websites 104, user devices
106, and the search engine 110. The online environment 100
may include many thousands of publisher websites 104 and
user devices 106.

A website 104 includes one or more resources 105 associ-
ated with a domain and hosted by one or more servers in one
or more locations. A resource 105 1s any data that can be
provided by a publisher website 104 over the network 102 and
that has a resource address, €.g., a uniform resource locator
(URL). Resources may be HIML pages, electronic docu-
ments, image files, video files, audio files, and feed sources, to
name just a few. The resources may include embedded infor-
mation, €.g., meta information and hyperlinks, and/or embed-
ded instructions, e.g., client-side scripts.

Generally, a website 1s a collection of resources formatted
in hypertext markup language (HTML) that can contain text,
images, multimedia content, and programming elements, for
example, scripts. Each website 104 1s maintained by a content
publisher, which 1s an entity that controls, manages and/or
owns the website 104.

Some websites are specific to a domain name, but multiple
websites can share a same domain name. For example, a
social network that has a domain name, e.g., example_social.
com, may host multiple websites that are each maintained by
a respective entity, e.g.,

www.example_social.com/sitel/ . . .

www.example_social.com/site2/ . . .
and so on. Each of the websites above may include multiple
resources, €.g., www.example_ social.com/sitel/resourcel,
www.example_social.com/sitel/resource2, and so on. Addi-
tionally, a website may be host specific. For example, each of
the following hosts, which share a domain name, many nev-
ertheless constitute different websites:

en.example_site.com/

fr.example_site.com/
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A user device 106 1s an electronic device that 1s under the
control of a user and 1s capable of requesting and receiving
resources over the network 102. Example user devices 106
include personal computers, mobile communication devices,
and other devices that can send and receive data over the
network 102. A user device 106 typically includes a user
application, e.g., a web browser, to facilitate the sending and
receiving ol data over the network 102. The web browser can
enable a user to display and interact with text, images, videos,

music and other information typically located on a web page
at a website on the World Wide Web or a local area network.

To facilitate searching of these resources 105, the search
engine 110 1dentifies the resources by crawling the publisher
websites 104 and indexing the resources provided by the
publisher websites 104. The resources are indexed and the
index data are stored in an mndex 112.

The user devices 106 submit search queries to the search
engine 110. The search queries are submitted 1n the form of a
search request that includes the search query and, optionally,
a unique i1dentifier that identifies the user device 106 that
submits the request. The unique 1dentifier can be data from a
cookie stored at the user device, or a user account identifier if

the user maintains an account with the search engine 110, or
some other 1dentifier that identifies the user device 106 or the
user using the user device.

In response to the search request, the search engine 110
uses the index 112 to identify resources that are relevant to the
queries. The search engine 110 includes a ranking engine 122
that scores the resources, and the search engine 110 provides
search results that reference the resources to the user devices
106 1n a search results page. A search result 1s data generated
by the search engine 110 that identifies a resource or provides
information that satisfies a particular search query. A search
result for a resource can include a web page title, a snippet of
text extracted from the web page, and a resource locator for
the resource, e.g., the URL of a web page.

The search results are ranked based on scores related to the
resources 1dentified by the search results, such as information
retrieval (“IR”) scores, and optionally a separate ranking of
cach resource relative to other resources (e.g., an authority
score). The search results are ordered according to these
scores and provided to the user device according to the order.

The user devices 106 recerve the search results pages and
render the pages for presentation to users. In response to the
user selecting a search result at a user device 106, the user
device 106 requests the resource identified by the resource
locator included 1n the selected search result. The publisher of
the website 104 hosting the resource recerves the request for
the resource from the user device 106 and provides the
resource to the requesting user device 106.

In some 1implementations, the queries submitted from user
devices 106 are stored 1n query logs 114. Selection data for
the queries and the web pages referenced by the search results
and selected by users are stored 1n navigation logs 116. The
query logs 114 and the navigation logs 116 define search
history data that include data from and related to previous
search requests associated with unique 1dentifiers. The navi-
gation logs 116 represent actions taken responsive to search
results provided by the search engine 110. The query logs 114
and navigation logs 116 can be used to map queries submitted
by user devices to resources that were identified 1n search
results and the actions taken by users when presented with the
search results in response to the queries. In some implemen-
tations, data are associated with the identifiers from the search
requests so that a search history for each identifier can be
accessed. The navigation logs 116 and query logs 114 can
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thus be used by the search engine to determine the respective
sequences ol queries submitted by the user devices, the
actions taken in response to the queries, the times of those
actions, and how often the queries have been submitted.

Additionally, the navigation logs 116 may also store infor-
mation related to direct user input of an address of a resource.
For example a user may type a URL 1n a browser directly, or
may select a URL from a bookmark. Provided the user 1s, for
example, signed 1nto an account on the search engine, the
navigation logs may also take mto account direct user imnputs
and other navigation actions, such as requesting resources by
selecting hyperlinks. The navigation logs 116 can also
include, for example, data obtained from network monitoring
systems, €.g., routers, proxy servers, firewalls, or other hard-
ware or software systems that are associated with user devices
and monitor communications by the user devices over the
network 102. As another example, the navigation logs 116
can include data obtained from publishers or other entities
that maintain resources. For example, this data can be
obtained from soitware applications running on web servers
that host the resources or from a client-side script included in
resources maintained by the publishers.

The index 112, query logs 114 and the navigation logs 116
are processed to generate site data 118. The site data 118
describes websites and includes data that characterizes visits
to particular resources of the websites by users and durations
of each of those visits. For example, the visit data can identity
clicks by users on search results included in search results
web pages or direct inputs of URLs, and, for each of the
selections and 1nputs, a measurement of the duration of time
that elapsed between the time that the user requested the
resource and the time that the user device requested another
resource.

The obtained data characterizes user visits to resources and
the durations of those visits. In this data, the duration of a visit
can be measured in any of a variety of ways. For example, the
duration of a visit can be measured as the time between the
time that a user 1nitiates a request for a resource, e.g., by
clicking on a link to the resource or entering a resource locator
for the resource 1into an input field provided by an application
program running on the user device or an add-on to the
application program, and the time that the user initiates
another request for another resource. Alternatively, the dura-
tion may be measured as, e.g., the time between the time that
a resource 1s fully rendered by the application program and
the time that the user iitiates another request for another
resource.

In situations where the systems discussed here collect per-
sonal mnformation about users, or may make use of personal
information, the users may be provided with an opportunity to
control whether programs or features collect user information
(e.g., information about a user’s social network, social
actions or activities, proifession, a user’s preferences, or a
user’s current location), or to control whether and/or how to
receive content from the content server that may be more
relevant to the user. In addition, certain data may be treated in
one or more ways before it 1s stored or used, so that personally
identifiable information 1s removed. For example, a user’s
identity may be treated so that no personal 1dentifiable infor-
mation can be determined from the user, or a user’s geo-
graphic location may be generalized where location informa-
tion 1s obtained (such as to a city, ZIP code, or state level), so
that a particular location of a user cannot be determined.
Thus, the user may have control over how information 1is
collected about the user and used by a content server.

Category data 120 are data that defines a category hierar-
chy and subcategories. The category hierarchy 1s an ontology
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scheme for organizing resources and websites by categoriz-
ing the resources and websites as belonging to particular
categories. For example, general categories may include
news, sports and science. Subcategories 1n news may include
international, national, and local news; subcategories 1n
sports may include soccer, baseball and football; and so on.
Each subcategory may also include multiple subcategories.

A process external to the search engine may categorize the
resources and websites. In some implementations, the
resources are individually categorized, and the websites are
then categorized based on the resource categories. Each
resource and website may also belong to more than one cat-
egory, and each categorization may be reflected by a category
weight that 1s a measure of strength of association of the
category to the resource and/or website. For example, a
resource that includes a news story on a proiessional athlete
launching a chain of restaurants may have category weights
that respectively reflect moderate relevancies for the catego-
ries of news, sports, and dining Conversely, a resource that
includes a news story regarding an international conflict may
have a category weight reflecting a very high relevance for the
category of international news.

Website Duration Performance Scoring,

In some implementations, the search engine 110 includes a
website category scoring engine 130. The website category
scoring engine 130 processes the site data 118 and the cat-
egory data 120 and generates, for each website, a duration
performance score for the website. The duration performance
score 1s a score that measures a category-dependent duration
score for each website against other websites. The duration
performance scores can be used 1n scoring resources and
websites for search operations. The search operations may
include scoring resources for search results, prioritizing the
indexing of websites, suggesting resources or websites, pro-
tecting particular resources or websites from demotions, pre-
cluding particular resources or websites from promotions, or
other appropriate search operations.

Operation of the web category scoring engine 130 1s
described with reference to FIG. 2, which 1s a flow chart of an
example process 200 for determining website category dura-
tions. The process 200 1s implemented 1n one or more com-
puters that are programmed to perform the operations of the
web category scoring engine 130, and 1s performed for each
website for which a duration performance score i1s to be
determined.

The process 200 obtains duration measurements of user
device session visits to resources of the website, each dura-
tion measurement being a duration of time that elapses
between a user device requesting the resource and the user
device requesting another resource (202). The duration data
may be session based. As used 1n this description, a session 1s
defined by one or more user device actions taken at a website,
and, optionally, an action taken to arrive at the website, and
that are recerved and grouped together. For example, a session
may be a set of requests for website resources received during
a predefined time period, e.g., 30 minutes; or may be up to N
requests, e.g., up to 10 inputs; or may be a period during
which a user maintained iteractions with the user device
until an mnactivity time out (e.g., ten minutes) occurred. The
user device session visits are a sequence visits to resources of
the website without an intervening visit to a resource of
another website. User device session visits, in some 1mple-
mentations, may also take into account at least one metric,
such as time, for a resource from another website immedi-
ately prior to visiting a resource at the website. Other appro-
priate criteria to define a session can also be used.
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For example, assume that actions taken at a user device
resulted 1n the following sequence of duration measurements
for resources at websites SO and S1:

TABL.

L]
[

Duration (Sec) Resource/Site

160 RO/SO
120 R1/81
98 R2/81
122 R3/81
11 R4/S81
34 R5/81
140 R6/S1
76 R7/81

After requesting resource R7, the user device then requests
a resource from another website—e.g., resource R8 from
website S2. Accordingly, the duration measurements for user
device session visits for the particular device are defined as
above 1n Table 1. For each website, there will be multiple
sessions for which user device session visits are available.

In some implementations, session may be “suspended.”
For example, suppose a browser has two tabs, and the tabs are
respectively open on different websites—S1 and S2. When a
user switches tabs, e.g., placing a tab for the website S1 1n an
iactive state, the session for the website S1 1s only sus-
pended, and not ended. When the user switches back to the
first tab, making the tab for website S1 active again, the
session resumes, and the duration for the particular resource
active 1n the tab resumes incrementing.

The process 200 obtains data describing a plurality of
categories to which the website belongs (204). For example,
the website category scoring engine 130 accesses the cat-
egory data 120 to that specifies categories of websites and
resources.

The process 200 determines, for each of the plurality of
categories to which the website belongs, a category duration
score based on the duration measurements, each category
durations score being proportional to durations of time from
the duration measurements (206). In some implementations,
to determine the category duration scores, a single website
duration score 1s determined for a website, and then the dura-
tion score 1s used to generate category duration scores for the
website. From these category duration scores, the duration
performance score for the website 1s determined. This process
1s described with reference to FIGS. 3A-3C.

The process 200 determines, from one or more of the
category duration scores, a duration performance score for
the website (208). The duration performance score 1s, 1n some
implementations, proportional to the one or more category
duration scores from which the duration performance score 1s
determined (208). For example, the duration performance
score may be based on all of the category duration scores for
the website. Alternatively, the duration performance score
may be based a proper subset of the category duration scores
for the website. Calculation of the duration performance
score 15 described 1n more detail below.

Category Duration Scores

In some implementations, a single website duration score
1s determined for all duration measurements for the website,
and this website duration score (WDS) 1s used to generate
category duration scores for the website. The category dura-
tion scores are then used to generate the duration performance
score for the website.

FIG. 3A 1s a graph 300 of example website durations for
two websites based on category durations, and FIG. 3B 1s an




US 9,171,086 Bl

7

entity diagram 308 depicting category durations. The vertical
axis of the graph 300 1s a website duration score scale, and the
horizontal axis depicts various categories. The points defin-
ing the line 302 represents a central tendency (e.g., a median,
or, alternatively, a mean), of website duration score WDS of 5
the websites { W} that belong to the particular categories Cx.
The lines 304 and 306 are website duration scores of two
particular websites.

FIG. 3C 1s a flow chart of an example process 310 for
determining a category duration score, and reference 1s made 10
to FIGS. 3A and 3B to illustration the operation of the process
310. The process 310 1s implemented 1n one or more comput-
ers that are programmed to perform the operations of the web
category scoring engine 130.

The process 310 determines a website duration score 15
(WDS) that 1s proportional to duration measurements for the
website (312). The website duration score 1s determined for
cach website to be scored. For example, from all the duration
scores of all resources that belong to a website W, a website
duration score 1s determined. The website duration score may 20
be, for example, a median duration time computed from the
website duration times.

In some implementations, a duration time 1s computed for
each session, and the duration times for the sessions are used
to compute the website duration score. For example, from 25
Table 1 above, a duration time of 601 seconds 1s computed.
[ikewise, duration times for other sessions for the website are
determined, and the duration times for each session are used
to determine the website duration score for the website.

In some 1mplementation, a last visited duration time 1s 30
discounted when determiming a duration time for a session.
The last visited duration time corresponds to the duration
measurement generated 1n response to a user device request-
ing a resource from the website and requesting a resource
from another, diflerent website. The discounting 1s done, for 35
example, to filter out “short clicks,” when a search result 1s
selected and then the user navigates back to a search results
page, or when a single visit to a website 1s lengthened due to
page loading delays. Another reason for discounting the last
visited duration time 1s that last visited duration times may be 40
susceptible to other noise factors, such as a user leaving a
computer with a resource displayed, and then coming back an
hour later and immediately navigating to another resource of
another website. For example, when discounting the last vis-
ited duration time from Table 1 above, a duration time of 525 45
seconds 15 computed.

In some implementation, a prior visited duration time 1s
added when determining a duration time for a session. The
prior visited duration time corresponds to the duration mea-
surement generated on a last resource visited at first website 50
immediately before selecting a first resource at a second
website. For example, 1in Table 1 above, duration measure-
ment for the resource RO at websites SO 1s 160 seconds. This
1s a prior visited duration for the durations for resources
R1-R7. Thus, when discounting the last visited duration time 55
from Table 1 above and taking into account the prior visited
duration, a duration time of 685 seconds 1s computed.

In some implementations, each duration measurement
generated in response to a user device requesting a resource 1n
response to direct user input of an address of the resource 1s 60
boosted. Such direct mput 1s indicative of a positive user
assessment ol quality, and thus the duration time for that
resource 1s boosted. The boost value may be a fixed value, or
may be proportional to the frequency or quantity with which
the address 1s directly input by users. For example, assume the 65
boost factor 1s 1.5, and also assume discounting of the last
visited duration time 1s also used. From Table 1 above, 1f the
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first resource 1s requested 1n response to a direct user 1nput, a
website duration time of 385 seconds 1s computed.

Then, for each category C, the website duration scores of
websites that belong to that category are used to determine a
cross-website category duration score (CWCDS) for that cat-
egory (314). For example, suppose the websites W1-Wn are
the only websites that belong to the category C1 and C2, and
the websites W1-Wx are the only websites that belong to the
category C3. The median scores for C1 and C2 would be the
same, while the median score for the category C3 would be
different from the median scores for C1 and C2. Alternatively,
in some 1implementations, the data describing the categories
to which the websites belong includes, for each category and
cach website, a category weight that 1s a measure of strength
ol association of the category to the website. In these situa-
tions, because the weights may differ for each website, the
website duration scores for websites that belong to the same
category may differ based on the weights. For example, the
welghts may be used to scale the website duration score for
cach category when determining the cross website category
duration scores.

After the duration times of the sessions are processed for
the websites and the cross website category durations are
determined, the data describing graph lines 302, 304 and 306
are available. Assume the data for the line 302 represents a
percentile threshold, e.g., a 50” cross-website category dura-
tion score percentile threshold for each category at each point.
Thus, for each category, a value below the line indicates a
website with a website duration score less than the 507 per-
centile threshold for the category, and a value above the line
indicates a website with a website duration score greater than
the 50th percentile threshold for the category. Other thresh-
olds and other scales can also be used.

For each website, the process 310 then determines category
duration scores for the website based on a measure of the
website duration score WDS of the website compared to the
website duration scores of other websites for the category
(316). For example, as shown 1n FIG. 3A, the website dura-
tion score for two websites 1s shown by lines 304 and 306.
This 1s also depicted 1n FIG. 3B for a particular website Wn
that belongs to categories C1 . . . Cn.

A variety of scoring techniques can be used. In some 1mple-
mentations, the website duration score 1s a binary score. If the
website duration score of the website exceeds the percentile
threshold, then the score for the category 1s 1.0; otherwise, the
score 1s 0.0.

Alternatively, in some implementations, the website dura-
tion score 1s a score that 1s proportional to the percentile rank
ol the website duration score of the website for the category.
For example, each category durations score CDS for catego-
ries for which the website exceeds the percentile threshold
may be a positive value that 1s proportional to the percentile
difference between the category durations score and the per-
centile threshold, and each category durations score CDS for
categories for which the website does not exceed the percen-
tile threshold may be a negative value that 1s proportional to
the percentile difference between the category durations
score and the percentile threshold.

Other scoring technique can also be used. For example,
instead of a percentile threshold, a median of all website
duration scores for a category can be used as cross website
category duration score. Each category duration score of a
category for a website 1s then a score that 1s function of the
difference between the website duration score of the website
and the cross website category duration score of the category.

In some implementations, the category weights for the
website can also be used to modity the category duration
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scores for the website. For example, the weights may be used
to scale the category duration score for each category when
determining the category duration scores for a website, e.g.,
by generating a product of the category duration score and the
category weight for the website.

Duration Performance Score

The website category scoring engine 130 determines, from
one or more of the category duration scores, a duration per-
formance score for the website. In some 1implementations,
duration performance score 1s not category specific and 1s
determined from each of the category duration scores, e.g.,
for a particular website Wn, the duration performance score

DPS 1s:

DPS(Wn)=ACDS1#,CDS2% . . . CDSk#)

A variety of appropriate scoring functions can be used. For
example, 1n 1implementations where the category duration
scores are binary scores, the duration performance scores
may be based on a first count of category duration scores that
meet the threshold and a second count of a total number of
category duration scores for the website. For example, 11 the
website belongs to 20 categories, and 12 of the category
performance scores exceed the threshold, the duration pertfor-
mance score may be 12/20, or 0.6.

In variations of this implementation, the binary scores can
be scaled by the category weights. This prevents skewing of
the duration performance score when a website performs well
for a category but 1s otherwise only marginally relevant to the
category.

In implementations where the category duration scores are
not binary scores, the duration performance scores may be
based on a function that generate an output that 1s based on
category duration scores, and, optionally, the category
weights. A variety of functions can be used, such as a sigmoid,
a function that asymptotically approaches an upper limit, or
other functions.

In other implementations, the duration performance score
1s category specific. For example, during a search operation,
the search engine 110 can determine categories to which a
search session corresponds. Thus, assume the search engine
110 determines that a query or previous queries for a session
indicate a user 1s primarily interested in the entertainment
categories ol movies and music. The website category scoring
engine 130 determines, at query time, duration performance
scores for each website based on the category duration scores
for the entertainment categories of movies and music; the
other category duration scores of the websites are 1gnored.
The duration performance score scoring algorithms described
above can be used, but the inputs are filtered and/or weighted
based on the categories that are determined to be relevant to
the particular search operation.

In addition to scoring resources for search operations, the
duration performance scores can also be used for prioritizing
the indexing of websites, suggesting resources or websites,
protecting particular resources or websites from demotions,
precluding particular resources or websites from promotions,
or other appropriate search operations.

Additional Implementation Details

Embodiments of the subject matter and the operations
described 1n this specification can be implemented 1n digital
clectronic circuitry, or 1n computer software, firmware, or
hardware, including the structures disclosed 1n this specifica-
tion and their structural equivalents, or in combinations of one
or more of them. Embodiments of the subject matter
described in this specification can be implemented as one or
more computer programs, 1.€., one or more modules of com-
puter program 1nstructions, encoded on computer storage

10

15

20

25

30

35

40

45

50

55

60

65

10

medium for execution by, or to control the operation of, data
processing apparatus. Alternatively or 1n addition, the pro-
gram 1nstructions can be encoded on an artificially-generated
propagated signal, e.g., a machine-generated electrical, opti-
cal, or electromagnetic signal, that 1s generated to encode
information for transmission to suitable receiver apparatus
for execution by a data processing apparatus. A computer
storage medium can be, or be included 1n, a computer-read-
able storage device, a computer-readable storage substrate, a
random or serial access memory array or device, or a combi-
nation of one or more of them. Moreover, while a computer
storage medium 1s not a propagated signal, a computer stor-
age medium can be a source or destination of computer pro-
gram 1nstructions encoded 1n an artificially-generated propa-
gated signal. The computer storage medium can also be, or be
included 1n, one or more separate physical components or
media (e.g., multiple CDs, disks, or other storage devices).

The operations described in this specification can be imple-
mented as operations performed by a data processing appa-
ratus on data stored on one or more computer-readable stor-
age devices or received from other sources.

The term “data processing apparatus” encompasses all
kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field program-
mable gate array) or an ASIC (application-specific integrated
circuit). The apparatus can also include, 1n addition to hard-
ware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database management
system, an operating system, a cross-platform runtime envi-
ronment, a virtual machine, or a combination of one or more
of them. The apparatus and execution environment can real-
1ze various different computing model infrastructures, such
as web services, distributed computing and grid computing
infrastructures.

A computer program (also known as a program, soitware,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or inter-
preted languages, declarative or procedural languages, and 1t
can be deployed 1n any form, including as a stand-alone
program or as a module, component, subroutine, object, or
other unit suitable for use 1 a computing environment. A
computer program may, but need not, correspond to afilen a
file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program 1n question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub-programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one website or distributed across multiple websites
and interconnected by a communication network.

The processes and logic flows described 1n this specifica-
tion can be performed by one or more programmable proces-
sOors executing one or more computer programs to perform
actions by operating on input data and generating output. The
processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
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receive 1nstructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to recerve data from or
transier data to, or both, one or more mass storage devices for
storing data, €.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded in another device,
¢.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global Posi-
tioming System (GPS) receiver, or a portable storage device
(e.g., a universal serial bus (USB) flash drive), to name just a
tew. Devices suitable for storing computer program instruc-
tions and data include all forms of non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM,
and flash memory devices; magnetic disks, e.g., internal hard
disks or removable disks; magneto-optical disks; and CD-
ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, special purpose
logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described 1n this specification can be imple-
mented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor,
for displaying information to the user and a keyboard and a
pointing device, e.g., amouse or a trackball, by which the user
can provide mput to the computer. Other kinds of devices can
be used to provide for interaction with a user as well; for
example, feedback provided to the user can be any form of
sensory feedback, e.g., visual feedback, auditory feedback, or
tactile feedback; and input from the user can be recetved in
any form, including acoustic, speech, or tactile input. In addi-
tion, a computer can interact with a user by sending docu-
ments to and recerving documents from a device that 1s used
by the user; for example, by sending web pages to a web
browser on a user’s user device 1n response to requests
received from the web browser.

Embodiments of the subject matter described in this speci-
fication can be implemented 1n a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application server,
or that includes a front-end component, ¢.g., a user computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
subject matter described 1n this specification, or any combi-
nation of one or more such back-end, middleware, or front-
end components. The components of the system can be inter-
connected by any form or medium of digital data
communication, €.g., a communication network. Examples
of communication networks include a local area network
(“LAN") and a wide area network (“WAN”), an inter-network
(¢.g., the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).

The computing system can include users and servers. A
user and server are generally remote from each other and
typically interact through a communication network. The
relationship of user and server arises by virtue of computer
programs running on the respective computers and having a
user-server relationship to each other. In some embodiments,
a server transmits data (e.g., an HITML page) to a user device
(e.g., for purposes of displaying data to and receiving user
input from a user interacting with the user device). Data
generated at the user device (e.g., a result of the user interac-
tion) can be received from the user device at the server.
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While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any mventions or of what may be claimed, but
rather as descriptions of features specific to particular
embodiments of particular inventions. Certain features that
are described 1n this specification in the context of separate
embodiments can also be implemented 1n combination 1n a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.

Similarly, while operations are depicted 1n the drawings in
a particular order, this should not be understood as requiring
that such operations be performed 1n the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents 1 the embodiments described above should not be
understood as requiring such separation in all embodiments,
and 1t should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged 1into multiple software
products.

Thus, particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
the following claims. In some cases, the actions recited 1in the
claims can be performed 1n a different order and still achieve
desirable results. In addition, the processes depicted 1n the
accompanying figures do not necessarily require the particu-
lar order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel
processing may be advantageous.

What 1s claimed 1s:

1. A method performed by data processing apparatus, the
method comprising:

for each website of a first plurality of websites, each web-

site being a collection of resources served from a
domain:
obtaining, by a data processing apparatus, duration mea-
surements of user device session visits to resources of
the website for a plurality of different users, each
duration measurement being a duration of time that
clapses between a user device requesting the resource
and the user device requesting another resource, and
the user device session visits being a sequence of
visits to resources of the website without an interven-
ing visit to a resource of another website;
determining a website duration score that 1s proportional
to duration measurements for the website:
determiming, for each category to which second plurality of
website belong, the second plurality of websites being a
subset of the first plurality of websites, a cross-website
category duration score for the category based on the
website duration scores of the second plurality of web-
sites, wherein the cross-website category duration score
1s a measure ol duration scores of other websites that
belong to the category;
for each website of a first plurality of websites:
obtaining, by the data processing apparatus, data
describing a plurality of categories to which the web-
site belongs;
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determining, by the data processing apparatus, for only
cach category of the plurality of categories to which
the website belongs, a category duration score for the
category based on the website duration score for the
website and the cross-website category duration score
for the category; and

determining, by the data processing apparatus, {from one
or more of the category duration scores, a duration
performance score for the website, the duration per-
formance score proportional to the one or more cat-
egory duration scores from which the duration perfor-
mance score 1s determined.

2. The method of claim 1, wherein, for each website:

the data describing a plurality of categories to which the

website belongs includes, for each category, a category
weilght that 1s a measure of strength of association of the
category to the website; and

for each category, determining the category duration score

further comprises determining the category duration
score based on the category duration score and the cat-
cegory weight.

3. The method of claim 2, wherein determining the cat-
egory duration score based on the category duration score and
the category weight comprises determining a product of the
category duration score and the category weight.

4. The method of claim 3, wherein determining the dura-
tion performance score proportional to the one or more cat-
egory duration scores from which the duration performance
score 1s determined comprises, for each website:

determining a first count of category duration scores that

meet a threshold;

determining a second count of a total number of category

duration scores for the website; and

determining the duration performance score based on the

first count and the second count.

5. The method of claim 1, wherein determining, for each of
the plurality of categories to which the website belongs, the
category duration score for the category based on the website
duration score for the website, comprises discounting each
duration measurement generated 1n response to a user device
requesting a resource from the website and requesting a
resource from another, different website.

6. The method of claim 1, wherein the duration measure-
ments of user device session visits to resources of the website
include a prior visited duration time corresponds to the dura-
tion measurement for a last resource visited another website
immediately before selecting a first resource at the website.

7. A method performed by data processing apparatus, the
method comprising:

for each of a plurality of websites, each website being a

collection of resources served from a domain:

obtaining, by a data processing apparatus, duration mea-
surements of user device session visits to resources of
the website, each duration measurement being a dura-
tion of time that elapses between a user device
requesting the resource and the user device requesting
another resource, and the user device session visits
being a sequence of visits to resources of the website
without an 1ntervening visit to a resource of another
website;

obtaining, by the data processing apparatus, data describ-

ing a plurality of categories to which the website

belongs;

determining, by the data processing apparatus, for each
of the plurality of categories to which the website
belongs, a category duration score based on the dura-
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tion measurements, each category durations score
being proportional to durations of time from the dura-
tion measurements; and
determining, by the data processing apparatus, from one
or more of the category duration scores, a duration
performance score for the website, the duration per-
formance score proportional to the one or more cat-
egory duration scores from which the duration perfor-
mance score 1s determined:
wherein determining the duration performance score pro-
portional to the one or more category duration scores
from which the duration performance score 1s deter-
mined comprises, for each website:
determiming a first count of category duration scores that
meet a threshold;
determinming a second count of a total number of category
duration scores for the website; and
determining the duration performance score based on the
first count and the second count.
8. A method performed by data processing apparatus, the
method comprising:
for each of a plurality of websites, each website being a
collection of resources served from a domain:
obtaining, by a data processing apparatus, duration mea-
surements of user device session visits to resources of
the website, each duration measurement being a dura-
tion of time that elapses between a user device
requesting the resource and the user device requesting,
another resource, and the user device session visits
being a sequence of visits to resources of the website
without an intervening visit to a resource of another
website;
obtaining, by the data processing apparatus, data describ-
ing a plurality of categories to which the website
belongs;
determining, by the data processing apparatus, for each
of the plurality of categories to which the website
belongs, a category duration score based on the dura-
tion measurements, each category durations score
being proportional to durations of time from the dura-
tion measurements; and
determining, by the data processing apparatus, from one
or more of the category duration scores, a duration
performance score for the website, the duration per-
formance score proportional to the one or more cat-
egory duration scores from which the duration perfor-
mance score 1s determined;
wherein determining, for each of the plurality of categories
to which the website belongs, the category duration
score based on the duration measurements comprises
boosting each duration measurement generated in
response to a user device requesting a resource from the
website 1 response to direct user input of an address of
the resource, and not boosting each duration measure-
ment generated in response to a user device requesting a
resource from the website in response to a selection of a
search result that references the resource.
9. A system, comprising:
a data processing apparatus; and
a computer readable storage device storing instructions
executable by the data processing apparatus and that
upon such execution cause the data processing apparatus
to perform operations comprising:
for each website of a plurality of websites, each website
being a collection of resources served from a domain:
obtaining duration measurements of user device session
visits to resources of the website for a plurality of
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different users, each duration measurement being a
duration of time that elapses between a user device
requesting the resource and the user device requesting
another resource, and the user device session visits
being a sequence of visits to resources of the website
without an 1ntervening visit to a resource of another
website;
determining a website duration score that 1s proportional
to duration measurements for the website:
determining, for each category to which second plurality of
website belong, the second plurality of websites being a
subset of the first plurality of websites, a cross-website
category duration score for the category based on the
website duration scores of the second plurality of web-
sites, wherein the cross-website category duration score
1s a measure of duration scores of other websites that
belong to the category;

for each website of a first plurality of websites:

obtaining data describing a plurality of categories to
which the website belongs;

determining, by the data processing apparatus, for only
cach category of the plurality of categories to which
the website belongs, a category duration score for the
category based on the website duration score for the
website and the cross-website category duration score
for the category; and

determining from one or more of the category duration
scores, a duration performance score for the website,
the duration performance score proportional to the
one or more category duration scores from which the
duration performance score 1s determined.

10. The system of claim 9, wherein, for each website:

the data describing a plurality of categories to which the

website belongs includes, for each category, a category
weight that 1s a measure of strength of association of the
category to the website; and

for each category, determining the category duration score

further comprises determining the category duration
score based on the category duration score and the cat-
cegory weight.

11. The system of claim 10, wherein determining the cat-
egory duration score based on the category duration score and
the category weight comprises determining a product of the
category duration score and the category weight.

12. The system of claim 11, wherein determining the dura-
tion performance score proportional to the one or more cat-
egory duration scores from which the duration performance
score 1s determined comprises, for each website:

determining a first count of category duration scores that

meet a threshold;

determining a second count of a total number of category

duration scores for the website; and

determining the duration performance score based on the

first count and the second count.

13. The system of claim 9, wherein determining, for each of
the plurality of categories to which the website belongs, the
category duration score for the category based on the website
duration score for the website, comprises discounting each
duration measurement generated 1n response to a user device
requesting a resource Irom the website and requesting a
resource from another, different website.

14. The system of claim 9, wherein the duration measure-
ments of user device session visits to resources of the website
include a prior visited duration time corresponds to the dura-
tion measurement for a last resource visited another website
immediately before selecting a first resource at the website.
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15. A system, comprising:
a data processing apparatus; and
a computer readable storage device storing instructions
executable by the data processing apparatus and that
upon such execution cause the data processing apparatus
to perform operations comprising:
for each of a plurality of websites, each website being a
collection of resources served from a domain:
obtaining duration measurements of user device session
visits to resources of the website, each duration mea-
surement being a duration of time that elapses
between a user device requesting the resource and the
user device requesting another resource, and the user
device session visits being a sequence of visits to
resources of the website without an intervening visit
to a resource of another website:
obtaining data describing a plurality of categories to
which the website belongs;
determining for each of the plurality of categories to
which the website belongs, a category duration score
based on the duration measurements, each category
durations score being proportional to durations of
time from the duration measurements; and
determining from one or more of the category duration
scores, a duration performance score for the website,
the duration performance score proportional to the
one or more category duration scores from which the
duration performance score 1s determined;
wherein determining the duration performance score pro-
portional to the one or more category duration scores
from which the duration performance score 1s deter-
mined comprises, for each website:
determining a first count of category duration scores that
meet a threshold;
determining a second count of a total number of category
duration scores for the website; and
determining the duration performance score based on the
first count and the second count.
16. A system, comprising:
a data processing apparatus; and
a computer readable storage device storing instructions
executable by the data processing apparatus and that
upon such execution cause the data processing apparatus
to perform operations comprising:
for each of a plurality of websites, each website being a
collection of resources served from a domain:
obtaining duration measurements of user device session
visits to resources of the website, each duration mea-
surement being a duration of time that elapses
between a user device requesting the resource and the
user device requesting another resource, and the user
device session visits being a sequence of visits to
resources of the website without an intervening visit
to a resource of another website;
obtaining data describing a plurality of categories to
which the website belongs;
determining for each of the plurality of categories to
which the website belongs, a category duration score
based on the duration measurements, each category
durations score being proportional to durations of
time from the duration measurements; and
determining from one or more of the category duration
scores, a duration performance score for the website,
the duration performance score proportional to the
one or more category duration scores from which the
duration performance score 1s determined;
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wherein determining, for each of the plurality of categories determining a website duration score that 1s proportional
to which the website belongs, the category duration to duration measurements for the website;
score based on the duration measurements comprises determining, for each category to which second plurality of
boosting each duration measurement generated in website belong, the second plurality of websites being a
response to a user device requesting a resource from the 3 subset of the first plurality of websites, a cross-website
website 1n response to direct user input of an address of category duration score for the category based on the

website duration scores of the second plurality of web-
sites, wherein the cross-website category duration score
1s a measure of duration scores of other websites that
10 belong to the category;
for each website of a first plurality of websites:
obtaining data describing a plurality of categories to
which the website belongs;
determining, by the data processing apparatus, for only
15 cach category of the plurality of categories to which
the website belongs, a category duration score for the
category based on the website duration score for the
website and the cross-website category duration score
for the category; and
20 determining from one or more of the category duration
scores, a duration performance score for the website,
the duration performance score proportional to the
one or more category duration scores from which the
duration performance score 1s determined.

the resource, and not boosting each duration measure-
ment generated 1in response to a user device requesting a

resource from the website 1n response to a selection of a
search result that references the resource.

17. A computer readable storage device storing instruc-
tions executable by the data processing apparatus and that
upon such execution cause the data processing apparatus to
perform operations comprising:

for each website of a plurality of websites, each website

being a collection of resources served from a domain:

obtaining duration measurements of user device session
visits to resources of the website for a plurality of
different users, each duration measurement being a
duration of time that elapses between a user device
requesting the resource and the user device requesting
another resource, and the user device session visits
being a sequence of visits to resources ol the website
without an intervening visit to a resource of another
website; ¥k ok k%
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